interforence Case AMSC | Const'n | ENipsst | Glob'lst'r | Odyssey | Celsat
Case 1: Backiobe lo/Clo | ses Note { 279 90 Noke 1 18.8 204 104
(¢8)
Dispiacad | ses Note 1 623 88 Nole 1 45 108 11
Channels
Case 2: Sideicbe ia/Cto| eee Now 1 14 . 808 Notw 1 5.5 1“9 1.9
(9®)
Diapiaced | see Now 1 1 o8 Nob 1 0 31 ¢
Channels
Case 3: Trans-Horn /Cio| ses Now 1 234 280 Now 1 0.9 N7 23
(08)
Oispisced | see Now 1 20 e88 Note 1 7% 7348 1,710
Charnnels

Tabie il - /Cs, In 4B and Number of Displaced Channels per Spread Bandwidth

Note 1: These analyses have not yet been compieted.

Table 1V gives a summary of the aggregate interference impact on each of the
victim systems, taking into account the number of victim beams and spread bandwidths
that are simultanecusly affected by the interference. '
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Victim sateliite Aggregate Interference impact from a single IRIDIUM satelite
AMSC Becidobe:
Sideicbe:
Trans-Hortzon
Coneisiiation Bacikiobe: 312 channels iost, 0.5 voics activity; 8.4 spread bandwidths (Iotai $,241 voice octs losd).
Sideiobe: None.
Trans-Hortzon: 220 channels lost; 0.5 voics aciMiy; 8.4 spread bandwidihs (ota! 3,606 voice oot losl)
Ellipast Backiobe:
Sidelobe:
Trane-Hortzon
Giobastar Bacidobe: 23 channeis iost, 0.5 voice activity. §.4 spread bandwidths (\otal 386 voice ccts loed).
Sideiobe: None.
Trans-Hortzon: 178 channals lost, 0.5 voice ectivity. §.4 epread bandwidths (lolal 2,000 vaice cols loed).
Odysesy Baciiobs: 58 channeis ot 0.4 voice scivity; 1 spread bandwidih (ol 137 voics ocls losf).
Sideiobe: 15 channeis iost; 0.4 voice aciivity; 1 spread bandwidth (iolal 37 voics cols iosl)
Trane-Hortzon: 7.348 channeis iost. NO BEAM CAPACITY REMAINING.
Coioat Backiobe: smmuo.ummuwmmmmnﬁo
Sideiobe: 3 channels lost, 0.35 voics aciMiy; 8.4 spread bandwidihe (lolal 72 voics octs losf)
Trans-Hortzon: 1,710 ch lost: 0.35 voics activity; §.4 spread bandwidihe (ol 41,040 voice octs losl)

Table IV - Aggregats Interference impact on Each System
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4.4.5 Frequency and Duration of Interference Occurrence

The frequency and duration of interference occurrences will depend on the
relative geometries of the Iridium and victim satellite constellstions, and on the antenna
characteristics of the satellites. Table IV summarizes the general observations made in
this respect for all the systems, with the exception of Globalstar, where a detailed
computer simulation has been performed, and the results provided in Annex 4.2.

Victim smeliite Frequency and Duration of interference Occurrence
R
AMSC Sacidobe: Always pressnt in ons beam or another belween (Mmax) valus and (mex - 148)
Sidelobs: Powniially presant in all beame continuously
Trane-Horzon: Always present in certain beams
Constelistion Backiobe: Simiiar 1o Annex 4.2
Sideicbe: Simiier ©© Annex 4.2
Trane-Hortzon: Always present in certain bsams
Elipent Bacidobe: Always presant in one besm or another betasen (mex) value and (mex - 6dB)
Sidelobs: Polaniially pressnt in all beams continuously
Trans-Hortzon: Adwarys present in csrtain beams
Gicbsistar Bacidobs: Refor 1o Annex 4.2
Sideiobe: Refar ©© A 4.2
Trane-Hortzon: Alweys pressnt in certain bearne
Ocyssey Bacidobe: Adways present in ons baam or another between (max) valus and (max - 248)
Sideicbe: Potentialy present in all basyne continuously
Trane-Heortzeon Always pregsnt In cortain beame
Cenat Bacikiobe: Aways present in one beam or anciher between (max) vaius and (mex - tdB)
Sideiobe: Polantially pressnt It all bearne coninuously
Trane-Hortgon: Aways pressnt in certain beame

Table V - Frequency and Durstion of interference Occurrence
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Annex 4.1 Derivation of iridium EIRP in Various Directions

This annex provides the derivation of the average Iridium backiobe, sidelobe and

trans-horizon EIRP spectral densities.

Table A-l below summarizes the Iridium data provided by Motorola on March 11,
1993. It derives the EIRP (per 31.5 kHz channel) as a function of the cell type and for
shadowed and non-shadowed users. The average EIRP (per 31.5 kHz channel) is then
calculated for the case where 20% of the users experience full shadowing and 80% of
the users are not shadowed. The final row of the table is the resulting average

weighted EIRP, over all the cell types.

- iridium Cell Types

e *2 ] "
Number of Celis of this Type per Satellite 3 9 18 21
EIRP required (non-shadowed user) 45d8W | 7.0dBW | 0.5dBW | 12.7dBW
Average fade margin required (20% shadowed users) esd8 | 66d8 | eedB | o.1d¢8
Average E!RP required (20% shadowed users) 11.1dBW | 13.6dBW | 16.1dBW | 21.8 dBW
Ratio of peak to eoc gain 1.5d8
Average over bsam EIRP required 126d8W | 15.1dBW | 170 dBW | 23.3dBW
(20% shadowed users)
Average EIRP (averaged acroes all cells) 28.5 dBW per 41.67 kiHz
(including &-foid re-use)
Average EIRP (sveraged over hortzon-pointing cells) 23.3 dDW per 41.87 Kz

s - S——

Motorola has also indicated that it is appropriste to assume a voice activity factor
of 0.375, which reduces the EIRP values in Table | by 4.2 dB.
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Motoroia has also indicated that the satellite backiobe antenna gain will be better
than -39 dB relative to mainiobe beam peak, and the sideiobe antenna gain will be
better than -20 dB relative to mainiobe beam peak.

This results in average EIRP levels, per 41,67 kHz (occupied bandwidth) as
follows:

Backlobe EIRP: -14.7 dBW per 41.67 kHz
Sidelobe EIRP: +4.3 dBW per 41.67 kHz
Mainiobe (Trans-Horizon) EIRP: +12.4 dBW per 41.67 kHz

When expressed per Hz, these values become:
Backiobe EIRP: -60.9 dBW/H2

Sidelobe EIRP: -41.9 dBW/MH2
Mainlobe (Trans-Horizon) EIRP: -33.8 dBW/H2
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Annex 42 Coupling of Globaistar and Iridium Satellites

Motoroia has claimed that the coupling from its system into the Gilobalstar
system is infrequent and of short duration. This is not the case. Computer simulations
of the two orbit constellations show that the coupling is continuous over the worid even
for small ranges.

The simulation kept statistics on the occurrences of an Iridium satellite within
three different coupling distances from a Globaistar sateliite. The distances are 944 km
1675 km and 1926 km. The analysis was performed with a computer simulation which
operated with the Globaistar satellite system and the Iiridium satellite system
simultaneously. Statistical data was compiled to examine the percentage of time the
Globalstar system was within a certain coupling distance to an iridium satellite.

The cases that were analyzed were on a world wide scale. The method
simulated the orbital constellations for many orbital days to determine statistically the
percentage of time that an Iridium satellite is coupled with a Globaistar sateliite. Data
was also accumulated to determine the average and maximum duration time that the
condition occurs. It was found that for Globaistar these couplings occurred for a
significant portion of an orbit. The simuiation was run for a long period of time to coliect
maximum and average duration and the percentage of time that the condition occurs.
Observation of the simulation shows that when the Iridium seam is near a Globalstar
satellite the coupling of a Globaistar satellite and two Motorola satellites occurs at
distances less than 800 km. This worst case and other cases involving multiple lridium
satellites have not been addressed. Tabie 1 gives the simulation results.

TABLE 1
Number of Globaistar Satellites, maximum duration,
average duration that Globalstar satellite is
within given distance to an iridium satellite

Distance (km) # of GS satellites maximum (min.) average
(min.) _

944 6 6 1.6
1675 26 21 38
1826 37 39 6.7

Table 1 shows the minimum number of Giobalstar satellites that have at leesst
one lridium sateliite within a given distance along with the maximum and average
durstion. For example, at any given time there are at ieast six Globaistar satelites that
have at least one Iridium satellite within 944 km. This maximum duration time that an
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Irdium satellite couples with a Globaistar satellite within 944 km is 6 minutes and the
average duration time is 1.6 minutes.

The same simulation was done on an area limited to North America excluding
Alaska. This is to illustrate the possibility of interference to Globalstar while serving
Canada, Central America and/or South America whule Iridium is serving the United
States. Table 2 gives the simulation results.

TABLE 2
Number of Globalstar Satellites, maximum duration,
average duration that Globaistar sstellite is
within given distance to an Iridium satellite:

~ North America Only
Distance (km) # of GS satellites maximum (min.) average
(min.)
1 (57% of time) 6 1.4
1675 2 11 26

1926 3 25 3.7



4 - 16

Annax 4.3 Calculation of Reflected Signal Power from iridium Satellite
Downlinks into Ellipsat

On page 473 in Skoinik, |ntrodyction to Radar Systems. Skoinik gives the
foilowing equation for radar clutter power (i.e. earth reflected power) for the case of
near vertical incidence:

C = (n.Py. Ag. 0% /(64 .R2.sin¢)
where ¢ is the grazing angle on the earth from the source.

Note that clutter power is proportional to 1/R? rather than the usual 1/R¢ found in
radar equations. Adaptmg this oquatlon to vield power flux density at the victim
receiver yields. -

Cerp = (x.P.o%) /(64 . R2.W.L..sin¢)

in the average loading case, two Iridium channels will fail into the Ellipso channel
bandwidth of 1.1 MHz. Assume that one Iridium channel falls within the Ellipso
bandwidth and that the Iridium channel is operating to a shadowed user. Thersfore P,
= 2.2 watts (5.5 -2.1 = 3.4 dBW) as per page 17 of the iridium Minor Amendment. The
distance R cormesponds to that from the earth to the Ellipso satellite, since the earth
intercepts virtuaily all of the energy of an inner indium beam, but the Ellipso sateliite
intercepts only a fraction of the energy reflected from the earth, 80 that R2 spreading
_ loss applies to the ground-Ellipsc path. Assume R = 4,000 kilometers, an intermediate
Ellipso aititude. Assume ¢ = 90° or vertical incidence on the earth. L, refers to
additional loss due to the curvature of the earth for high altitude emitters and targets, as
in the satellite case. For this study (Iridium’s altitude and beamwidths), L is around 3.5
dB.

Data from Skoinik's Radar Handbhook, Second Edition (figures 13.4 and 13.9 and
text on page 13.16ff) indicate that at around 80° incidence angle the cross section
density of the sea is around 7 dB square meters per square meter and is constant with
sea state. At 90° incidencs, the cross section density varies from as much as 15 dB for
caim seas to around 10 dB with higher seas. These figures are stated to be only
weakly dependent on frequency. For purposes of this analysis, since angles of
incidence approaching normal (90°) are assumed, a cross section area density of 10
dB is assumed.

Substituting and solving:
Corp = -195.6 dBWMHz

Onoshadowodummu&mMan«Mszdde
another 2.4 dB total, yielding:
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Cerp = -183.2 dBW/Hz

Compare to PFD at an Ellipso sateliite at the same altitude (with EIRP ygge =
-2 dBW since the satellite is lower in its orbit and the terminal is power controlied
correspondingly downward) of:

PFOwipo =  -205.4 dBW/Hz

Thus, per Skolnik, a single shadowed Iridium channel per beam per MMz per
iridium downlink time siot produces interference roughly equivalent to 16 Ellipso users.
Additional simultaneously shadowed Iridium users per megahertz will produce a
correspondingly higher amount of interference.

Motoroia states in their application that as many as 960 users can be supported
in one beam. In this uniikely worst case scenario, around 24 frequency channels would
be in use in one beam per MHz instantaneously. Assume these users occur in the
beam responsible for the bulk of the reflection energy to the Ellipso satellite. if 30% of
them were faded, this would create an interference level of around 115 Ellipso users
into an Ellipso satellite. in this case no interference from adjacent beams is assumed,
since the satellite would be carrying all its traffic in one beam.

In conclusion, this approach to evaluating the levei of interference from an
Iridium satellite into an Ellipso satellite concludes that Iridium can not uncommonly
generate interference of around the magnitude of 8 to 32 (18 1 3 dB) Ellipso users into
the appropriately pointed beam of an Ellipso sateliite. Interference of one to several
equivalent Ellipso users could aiso arise in the sidelobes of adjacent Ellipso beams.
There is every reason to believe that this interference mechanism will be relevant aiso
in relation to the other proposed victm MSS systems which will experience interference
from the secondary downlink of the Iridium system.
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4.5. Suggested Kitigating Effects.

Motorola asserts that certain effects can be employed to
avoid "harmful interference" from secondary downlinks into
primary uplinks that may occur. Motorola has asserted that since
the potentially harmful interference events are predictable in
time and space, it will be possible to plan the implementation of
these mitigating procedures in advance to avoid harmful ’
interference during the potential interfering event.

The parties subscribing to this report assert that the
proposed effects either would not avoid harmful interference from
Iridium’s secondary downlinks and so are not applicable, or are
so complex in implementation as to be infeasible.

Motorola has proposed five basic methods of mitigating
potential interference:

4.5.1. Band Segmentation. Motorola's primary method of avoiding
mutual harmful interference between the Iridium system and other
MSS systems is to operate the systems in different frequency band
segments. However, it has been pointed out that even though the
Iridium system and other MSS systems may not operate on a co-
frequency, co-coverage basis, because of asymmetrical operating
authorizations in different regions, in-band interference events
could occur unless their effects were mitigated.

4.5.2. QRownlink Masking by the Primary Uplipk. The Iridium
system transmits and receives on the same frequency. When one or
more MSS systems are operating co-frequency with the Iridium
system and their beam coverage overlaps on the Barth, both
systems typically will receive uplink signals from the subscriber
units in all co-coverage areas.

On occasion, the other system may also receive the Iridium
downlink signals from the backlobe and sidelobe of the Iridium
satellite. According to Motorola, this downlink signal will be
of lesser magnitude than the uplink signal and therefore will be
partially masked by the uplink signal.

The parties subscribing to this Report believe that it is
inappropriate to take into account interference from Iridium
uplinks when calculating the effects of secondary downlink
interference from an Iridium satellite.

4.5.3. EBeam Management. According to Motorola, beam management
is applicable to the trans-horizon scenario. Under this
scenario, beam management would be used to avoid transmission
when any Iridium satellite antenna beam transmits into another
MSS system’'s satellite when to do so could cause harmful



4-19

interference. The satellites of the victim system could be
either in a geocsynchronous or non-geosynchronous orbit. Motorocla
has asserted that the potential for harmful interference will be
substantially mitigated by managing the Iridium satellite antenna
beams so they will pot transmit into the other system'’'s
satellites.

4.5.4. Frequency Mapnagement. According to Motorola, frequency
management is applicable to both the trans-horizon and the
backlobe/sidelobe scenarios. This technique involves managing
the frequencies used by the Iridium system so that no harmful
interference would be caused to other MSS systems that would
otherwise operate co-frequency in a portion of the frequency
band.

If the Iridium system were licensed to operate in a broader
bandwidth in one part of the world than another, and the geometry
of the satellites in their respective orbits is such that there
is a potential for either trans-horizon or backlobe/sidelobe
interference, the Iridium satellite would manage its frequencies
8o that there would be no co-frequency operation during the
period of interference susceptibility. Due to the relative
velocities of the satellites, the period of interference
susceptibility is very short.

Motorola described two frequency management technigues. One
frequency management technique includes reducing the total
bandwith required by reducing the vocoder data rates and
reassigning the operating frequencies to the non-interfering
frequency band. After the period of interference susceptibility
has passed, the vocoder data rates would again be increased. A
second frequency management technigue uses the 6-beam reuse
pattern of the Iridium system. The frequencies may be managed so
that they are not used in a beam where there is a potential for
interference.

4.5.5. Antenna Characteristics. According to Motorola, if
necessary, the antenna parameters of the interfering satellite

system can be modified to accommodate inter- as well as intra-
system sharing once the characteristics of other MSS systems are
fully designed. This would be accomplished during the initial
coordination process between U.S. licensees. Such parameter
modifications could include: (1) improved backlobe and/or
sidelobe rejection; and (2) cross-polarization between
satellites,

4.6. Response to Motorola’'s Suggested Mitigating Effects.

The parties subscribing to this report assert that
Motorola’s suggested mitigating effects would not be sufficient
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to eliminate harmful interference from Iridium secondary
downlinks. For example, due to the complexity of Motorola's
frequency beam assignment, it is almost impossible to turn off
beams or to turn off carriers to avoid interference without
having substantial reduction of Motorola’s capacity. Moreover,
the proposed mitigating technigques are too complex to implement
before systems are launched, but should be available for
consideration during any international or domestic coordination
process. In any event, no burden should be imposed upon users of
primary uplinks in order to avoid harmful interference from
secondary downlinks.



SECTION S

REALIZABLE CAPACITY/PERFORMANCE ANMALYSIS OF
PROPOSED SYSTEMS OPERATING UMDER THE
TECENICAL SHARING CRITERIA



841 cCDMA vs, CDMA )

8.1.1 Introduction

This section inciludes an analysis of the individual and collective calculated
capacities (hereinafter referred to as "capacities’) of the COMA applicants’' proposed
systems, when operating in accordance with a full-band interference sharing
arrangement. The system designs depicted in this section are based on those
presented in the applications, other FCC filings, and system modifications considered to
facilitate sharing. it should be noted that these descriptions do not include all potential
methods of optimization which may further enhance operation and permit higher
capacities than those represented.

Annex 5.1 discusses the technical rationale behind the use of downlink PFD

spectral density and uplink aggregate EIRP arsal-spectral density as the primary
coordination interface parameters between CDMA MSS systems.

5.1.2 Methodology for the Calculation of Realizable Capacity in the Downlink

The technique used to assess the capacities of the systems is based on a
modeiling of the systems which takes account of the major factors that will determine
the realizable capacities of the systems under actual operating conditions. This
approach has been chosen, in preference to a complex computer simulation of the
interaction between the systems, in order to gain insight into the factors that are
important in determining capacity. An additional reason for this approach is that it is
compatible with both the time available and the degree of detail that the FCC's
Negotiated Rulemaking Committee is able to entertain.

5.1.2.1 Downlink System Data Required for the Analysis

The following downlink system parameters are required to perform the analysis.
Each parameter is briefly defined and described.

(A)) Bassband Sit-Rate

This is the total downlink baseband bit-rate required for a single voice
channel. It should include all signalling overhead.

(Bs) Channel Activity Factor

This parameter (which shouid be between zeroc and one) should be
included if the system intends to exploit voice activity by reducing the
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transmit power in the downlink during the natural pauses in speech. This
parameter is the numerical ratio of the average power to the peak power
accounting for only the power reductions attributed to pauses in speech.
Alternatively, if some form of Digital Speech Interpolation (DS!) is
implemented, which produces a corresponding channel efficiency gain,
this should be included here as the inverse of the average number of
virtual channels multiplexed in an individual signal.

Total RE Bandwidth
This is the total occupied downlink RF bandwidth used by the system.

Mini operating Eb/N

This downlink parameter, which is a function of the modulation scheme
and modem implementation, is normally represented in dB form, but
needs to be converted to a linear power ratio to substitute in the capacity
equation.

Number of Satalite B to Provide CONUS

This is the total number of downlink beams, irrespective of the number of
satellites, used to impiement CONUS coverage. If there are separate
satellites in the same system providing co-coverage, the beams in the
areas of overiap should only be counted once.

Beam Frequency Re-Use Factor

This parameter is a measure of the degree to which the downlink
frequency band is re-used spatially among the beams. The value of this
parameter is "N, where frequencies are re-used once in every "N"
beams. For example, a system with re-use in every beam has a value of
N=1. A system with full frequency re-use in every third beam has a value
of N=3.

: P tion Marai
This is the downlink power margin required, in dB, at any instant in time,

sveraged over all the users in the CONUS coverage of the system, used
to overcome propagation impairments relative to free space.

! Orbit and Beam Effect

This parameter takes account of the combined effect of downilink range
differences and downlink antenna gain contour effects. It is essentially a
dB value that is equivaient to the average extra satellite power required to
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5.1.2.2

communicate with all the users distributed throughout the area covered by
an individual downlink beam, compared to the situation if ali those users
were located at the optimum location in the area covered by an individual
downlink beam, where G/R? is at a maximum (G = satellite antenna gain;
R = range to the satellite). It accounts for the difficulty of building a
perfect satellite antenna.

E P Control Imp! tation Marai
This is a dB value which is a result of imperfect downlink power control. It

is equal to the average amount by which the link power exceeds the
minimum necessary to sustain the link, if power control were perfect.

Average Beam Qverigp Factor

This takes account of the spillover between downlink beams. It is the
ratio, in dB, averaged over all the users throughout the CONUS coverage,
of the power from the intended plus adjacent beams to the power from the
intended beam only. its value is highly dependent on the Beam
Frequency Re-Use Factor (see item (F4) above).

The minimum effective aperture of the mobile receive antenna under
operational conditions, calculated from the comesponding gain at the
frequency of 2,500 MHz.

The maximum system noise temperature of the mobile receiver under
operational conditions.

Downlink Analysis Method

The downlink analysis method can be split into several parts. The first two
stages are used to derive the maximum realizable downlink capacity limits for each
system, as follows:

(@)

Calculate maximum ideal downlink capacity (Cup), using the following
formula:

Cap = (Ca-Ea) /(A Bg.Dg. FQuovomemreeeoseesecomssassesnesscnens 1)

where the letters in the formula cormespond to the parameters defined in
section 5.1.2.1 above.



(b)  Calculate reduction from maximum ideal downlink capacity (Cyap), by
taking account of the parameters defined in items Gy, Hy, J4 and Kgin
section 5.1.2.1 above. These parameters, when sach expressed in dB,
can be summed to produce the total downlink capacity margin (Ag). The
maximum realizable downlink capacity (Cugrp) can then be derived as
follows:

Curo = Cui / (1OMBL0D) oo @
where Ap = Gg+Hy+ Jg+ Ky (indB)

The next stage in the analysis is to derive the downlink capacity graph for each
system, which relates the realizable capacity of the system to the maximum operating
downlink Power Fiux Density (PFD), spectral density, peq, for varying amounts of
interfering co-polar PFD, py, due to other sharing systems. Refer to Annex 5.1 for an
explanation of the significance of these parameters. This is calculated as follows:

First it is necessary to caiculate the effective downlink thermal noise equivalent
flux density in a 4 kHz bandwidth, pny, for each system, which is given by the following
equation:

Prd = (K. T . 4000) / Aqg....oonreereeerecreenccereeeesieereesaeeceneeeans (3)
where: k = Boltzmann's constant (= -228.6 dB)
Tm = Mobile receive system noise tem

(typically = 290K or 24.8 dBK)

Effective aperture of mobile receive antenna

(= -29 dBm? for an omnidirectional antenna
at 2,500 MHz)

Ao

For the case of an omnidirectional antenna, this equation gives a value for gy of
-139.0 dBW/m?/4kiHz. This is the equivaient PFD at the mobile receive antenna that
would be required to produce the mobile receive system noise temperature
corresponding to Ty,

The realizable downlink capacity, Cap, of the system, when operating without
other interfering systems present, can now be related to the maximum reaiizable
downlink capacity, Cynp, the maximum operating PFD, peq, and the effective thermal
noise equivaient flux density in a 4 kHz bandwidth, pns, by the following equation:

Cro = (Cm.p‘)/(p“‘.‘p,‘) .................................................. (4)

The impact of interfering co-polar power flux density from other co-frequency
systems, pg, can also be taken into account using the following equation:



Cro = (CMRD - Poa) / (Pod * Pna ¥ P10) v (5)
5.1.2.3 Alternative Downlink Analysis Method

An altemative method of calculating the way in which the individual system
capacities are dependent on operating PFD was also developed. This method is
described in Annex 5.2 and was used by some of the applicants to confirm the results
obtained using the method described in section 5.1.2.2.

~ 5.1.3 Downlink Analysis

This section presents the results obtained when the downlink methodology
described in section 5.1.2 above is applied to the COMA applicants’ (and Celsat's)
proposed MSS systems. The individual system capacity analysis is performed
assuming that the full 16.5 MHz RF bandwidth is available to the CDMA systems. The
collective combined system capacity analysis is performed for an available bandwidth
of 16.5 MHz.

5.1.3.1 individual System Capacities

Using the equations given in section 5.1.2.2 above, the maximum ideal downlink
capacity, Cyip, and the maximum realizable downlink capacity, Cunp, for the COMA
applicants’ (and Celsat's) systems have been caiculated, using current input data
provided by the proponents of the systems. This analysis does not take account of the
use of orthogonal COMA, and assumes that all received PFD acts as interference. The
input data and results are given in Table 1 below.

Sysem Parameter Uaim | AMBC | Comstelfa | ENipsat | Gisbeister | Odyssey | Celnat
Beseband Bi-Ret «BPS)| 230 Y Y a8 M 8.0
Channel Actvity Fackor ® 0.40 0.60 040 0.50 040 0.5
Tom RF Bandwidth MHD) | 165 165 165 1628 s 15
Minimum Opereing EbNo (@8) 40 30 30 38 38 40
Number of Beams In CONUS ) ] 10 T) 20 16 140
Beam Frequency Re-Uss Factor (] 1 1 1 1 1 1
Average Propagetion Margi ) 2.00 220 2.00 2.00 203 2.00
Average Ortt & Beam Eflecs ) 2.80 3.5 260 211 200 170
Average Power Conrol impl. Mer. 7)) 1.50 2.00 1.00 1.00 1.00 200
Average Beamn Overiap Fackor (a8) 1.09 1.00 1.00 1.04 128 .00
EMective Apertre of Moblle Ant @ma) | 210 290 290 2.0 290 200
Noies Temp. Moblle System ) 325 290 290 2% 200 290
Maximem idesi Downiiak CONUS Bol | 33864 | AT | &1 V] 1A | 000,304
Capacity Limit (ses Nots 1) oots)

Maxzimum Realizable Dowalnk Wot | A 458 [T V- AN | @8 |
CONUS Capacity Limit ses Note 1) | eots)

Iabie 1 {downlink)



Note 1: it is not intended to operate the systems at these maximum realizable downlink capacity
fimits. Sateliite power level constraints will dictate the individual system power lsvels and
correspording capecities.

Note 2: Motorola believes that certain values for some of the parameters in Table 1 nesd to be
adjusted to reflect what it considers shouid be used 1o operate in real world conditions,
and therefore cannot agree with the capacity numbers caicuiated in the table. See

Note below.

Using equation (5) from section 5.1.2.2 above, the realizable downlink capacity
of the systems, when cperating both in isolation and in the presence of other interfering
systems, has been calculated, and the resuits are given in Figures 1 to 6 below. Four
curves are given for each system, as follows:

(@) “"No interferer”: Assumes that the wanted system only
experiences self-interference (i.e., no orthogonal COMA advantage assumed).
(b) ‘interferer = Noise - 3 dB": The wanted system experiences both self-

interference and an interfering PFD from other systems which is of a magnitude
that is 3 dB below the thermal noise lavel (png - 3dB).

(¢) ‘interferer = Noise": The wanted system experiences both self-
interference and an interfering PFD from other systems which is of a magnitude
that is equal to the thermal noise level (png).

(d) ‘interferer = Noise + 3 dB": The wanted system experiences both self-
interference and an interfering PFD from other systems which is of a magnitude
that is 3 dB above the thermal noise level (pny + 3dB).

NOTE: Motorola's analysis is reflected in the work
of Dr. Peter Monsen dated March 24, 1993.
It is assumed that Motorola will include
this document in its minority report.
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5.1.3.2 Collective Combined System Capacities (16.8 MHz Bandwidth)

This section addresses the collective CONUS downlink capacity achievable
when the MSS systems analysed in section 5.1.3.1 are assumed to be operating
simultaneously, co-freaquency and co-coverage. In this section the full 16.5 MHz
bandwidth is assumed to be available. All systems are assumed to be opersting using
orthogonal COMA in the downlink. Constellation, Ellipsat, Globalstar and Odyssey are
assumed to use dual satellite diversity. This is taken into account by modifying
equation (5) in section 5.1.2.2 above, as follows:

Cro = (CMRD - Pad) / (CPag + Prg ¥ Prd) e eeevereennerrcnreeecreneeressenes 6)

.0 with no satellite diversity
0.5 with dual satellite diversity

where a

The achievable individual and collective downlink capacities when multiple
CDMA systems are in operation will depend on the amount of PFD used by each
system. There are therefore numerous permutations of varying amounts of this
resource to each system that can be analysed.



S 1

Table 2 gives eleven example scenarios (described below) when all systems are
assumed to be operating co-polar, showing the maximum PFD in use by each system,
the corresponding realizable capacity of that system, and the aggregate CONUS
capacity (the sum of all the systems).

Sosnario - Downiiak AMBC | Constlifa | Elipsst | Glsbelster | Odysssy | Colsat | Teml
Cose 1: Max. PFD (dBW/AM2MKHZ) -142.0 1420 1420 142.0 4420 | -1420

Resutting Capacity (¥ octs) 1198 819 119 1966 1927 ses? | wrrs
Cane 2. Max. PFD (dBW/M2/4KHZ) 1300 -136.0 1300 1390 130 | -1%.0

Resulting Capedhty (# ccts) 123 714 1201 225 223 10040 | 18174
Cese 3: Max. PFD (dBW/M2MkNz) 1420 142.0 1420 1420 1420

Resutting Capadity (¥ acts) 1473 714 1291 268 223 ] 088
Case 4. Max. PFD (dBW/MZMKHzZ) —-138.0 136.0 -190.0 1300 1200

Resulting Capacity (¥ com) 1538 (Y 1528 2008 2227 0 | o
Cane 5. Max. PFD (dBWAM2MKHZ) -130.0 130.0 190 136.0 '

Reautting Capacity (¥ ccts) 2019 1032 1984 3288 0 ] T3
Cane 8. Max. PFD (dBWim2Mkiz) 13,0 1300 1390 1390

Resulting Capecity (# octs) 2019 1032 1084 0 210 0 sus
Case 7. Max. PFD (GBW/TMKHZ) -142.0 -142.0 142.0 -130.0 190

Resulting Capacity (# ccte) 3008 0 ”"
Cone 8. Max. PFD (BWAMZMKHZ) 136.0

Resulting Capacity (¥ ccte) “n 0 "
Coen 9. Max. PFO (dBWM2M4KHZ) 1900

Reautting Capacity (# ccte) “an 0 9008
Case 10:Max. PFD (dBW/M2MKHZ) 1390

Resuling Capecity (¥ ccte) s173 0 11631
Ceae 11:Max. PFD (GBW/M2/4Kiz) %0 | -1420

Resutting Capadity (# octs) 4811 10004 | 20487
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The use of orthogonal polarization transmissions to increase isolation between
potentially interfering MSS systems has been studied. The achievable isolation is very
dependent on the propagation path, and the minimum isolation values have not been
sufficient to permit this technique to be used to allow frequency re-use in co-coverage,
co-frequency FDMA MSS systems. However, in a COMA system any achievable
isolation can be used to increase total spectrum capacity. The relevant isolation is the
average achievable, and not the worst case. The foliowing two tables demonastrate the
impact on CDMA system capacity of using orthogonal polarization, using two
representative values of achievable polarization isolation: 3 dB and 6 dB.

Table 3 gives the same sleven example scenarios but with the use of orthogonal
polarizations between some of the systems (Right Hand Circular (RHC) and Left Hand
Circular (LHC)). AMSC, Ellipsat and Globaistar are assumed to use RHC polarization
and Constellation, Odyssey and Celsat are assumed to use LHC polarization. An
average polarization isolation of 6 dB between RHC and LHC is assumed in these
results. :

Scenario - Downlink AMBC | Constelifa | Efipsat | Globebbiar | Odyssey | Cohat | Totl
guc) | nc) | mwc) | ewe) | anc) | anc)
Case 1: Max. PFD (dBW/m2MkHz) -142.0 -142.0 -142.0 -142.0 -1420 «142.0
Resuting Capecity (# ccte) 2004 884 1507 b 14 )] 2780 13154 | 20300
Cane 2: Max. PFD (dBW/m2MkHz) -130.0 -136.0 130 -130.0 -130.0 13.0
Resulting Capacity (# ccts) 3308 10004 ! TR
Cese 3. Max. PFD (dBW/m2MkHz) 1420
Resulting Capecity (# ccte) r 0 %o
Case 4: Max. PFD (dBWM2MkiMZ) -130.0
Resulting Capacity (# ccts) 000 0 2021
Case §: Max. PFD (dBW/M2MkHz)
Resuling Capacity (# ccts) ] 0 "
Cose §: Max. PFD (dBW/M2/4kiz) -130.0
Resuling Capecity (# octs) 4000 0 200
Case 7: Max. PFD (dBW/m2MkHZ) -130.0
Resuling Capecity (# ccte) 014 ) am
Cane 8 Max. PFD (dBWiM2MKHZ) -138.0
: Resuting Capacity (8 cols) 0088 0 “res
Cane 0. Max. PFD @OWATMIHE) «130.0
Resuling Capacily (# cols) 6408 [ ] 4o
Case 10:Max. PFD (dBWATQMIH) -136.0
Resuling Capacity (8 ctts) 234 0 W0
Case 11:Max. PFD (dBWAMM kM) -130.0 -$42.0
Reaulting Capacity (# ccia) 7683 e | 2w




